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1. 

FLEXBLE SHEATH WITH POLYMER COIL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to and claims priority and all 
benefits to U.S. Provisional Application Ser. No. 61/169,590 
filed on Apr. 15, 2009, which is incorporated by reference in 
its entirety. 

TECHNICAL FIELD 

This invention relates generally to a medical device, and 
more particularly, to a tubular device for enhancing access to 
the vascular system of a patient. 

BACKGROUND 

Among the most important advances in modern medical 
practice has been the adoption of a variety of minimally 
invasive procedures. Examples of Such minimally invasive 
procedures include angioplasty, endoscopy, laparoscopy, 
arthroscopy and the like. Minimally invasive Surgical proce 
dures such as these can be distinguished from conventional 
open Surgical procedures. In these minimally invasive proce 
dures, access to a target site within the body of a patient is 
achieved through a relatively small incision, into which a 
tubular device (including a tube of a device) is inserted or 
introduced. The tubular device maintains the patency of the 
incision, while permitting access to the target site via the 
interior (lumen) of the device. 
The tubular device can be configured for surgical use itself, 

or can be incorporated into another device. One example of 
the former is a balloon catheter, wherein the tube is config 
ured as a catheter shaft, and carries an inflatable balloon on 
the shaft. Balloon catheters are useful, e.g., for performing 
angioplasty and for the deployment of an expandable stent 
and/or graft for preventing Stenosis (closure) of a body pas 
sage. Such as a blood vessel. Other examples of the former 
include a diagnostic, infusion or drainage catheter, in which 
the tubular device is configured as a catheter for the delivery 
of a diagnostic or therapeutic fluid to the patient, or for the 
removal of a fluid from the patient. Examples of devices 
including apparatus in addition to the tube are endoscopes, 
laparoscopes, arthroscopes and the like, as well as guide 
catheters and introducer sheaths (percutaneous or otherwise), 
through which a guide wire or other Surgical device may be 
introduced into the patient. 

To enhance torqueability and pushability, Some catheters 
have included a braided reinforcement in the wall of the 
catheter shaft. However, braided catheters are relatively sus 
ceptible to kinking during use. Once a catheter kinks, fluid 
cannot pass through the lumen of its shaft, and the catheter 
becomes essentially useless. In balloon catheters, this pre 
vents inflation of the catheter balloon. In addition, in other 
catheters, such as diagnostic, infusion and drainage catheters, 
prevention of fluid flow similarly interferes with their satis 
factory use. As a result, the initially introduced catheter must 
be removed, and another catheter must be introduced into the 
patient and once again advanced through the vascular system 
to the narrowed site. This wastes time and increases the poten 
tial for trauma to the patient. To prevent kinking, some cath 
eters include a coil embedded in the wall of the catheter shaft, 
rather than a braid. Although the presence of a coil inhibits 
kinking of the catheter, catheters having an embedded coil are 
undesirably susceptible to necking, that is, an undesirable 
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2 
reduction in its outer and/or inner diameter. In addition, ulti 
lizing a coil instead of a braid does not provide a great a 
degree of torqueability. 

U.S. Pat. No. 6,939,337, assigned to the assignee herein, 
discloses a tubular medical device that includes a coil, such as 
a flat wire coil, in a stressed radially expanded condition, and 
a braid that extends over at least part of the coil. A bonding 
layer, formed from a polymer Such as nylon or polyurethane, 
is positioned over and contacts the coil, or both the coil and 
the braid. The polymeric bonding layer maintains the coil in 
the stressed radially expanded condition, and is bonded to an 
inner liner, such as PTFE. By providing both a coil and a 
braid, the tubular device achieves some advantages attainable 
from each of these reinforcements. For example, the coil 
enables the device to better resist collapse, necking and kink 
ing during use. The braid provides the device with enhanced 
pushability, trackability and torqueability. The 337 patent is 
incorporated by reference herein in its entirety. 

Although the device of the 337 patent represents an 
improvement over prior art devices, it is desired to make still 
further improvements to such tubular devices to enhance their 
utility to an even greater degree than presently available. For 
example, it may be advantageous to have a splittable catheter 
shaft wall to facilitate deployment of a tubular medical device 
within a body vessel. During complete deployment of a stent 
or graft, the physician must retract the sheath from the stent 
over its entire length. This can be difficult for longer stents, 
e.g., over 140 mm, especially self-expanding stents, as the 
force of retraction and length of retraction are greater, making 
it relatively cumbersome to retract and requiring both hands 
to overcome the friction force. 

United States Patent Application Publication No. 2007/ 
0244540A1 to Pryor, which describes a delivery system for 
delivery a self-expanding stent, provides one solution for this 
problem. The delivery system includes a sheath with a break 
away having less structural integrity than the remainder to the 
sheath such that the sheath preferentially splits at the break 
away upon contact with a keel. However, the specific con 
struct of the sheath in Pryor's delivery system is not 
described, and incorporating a sheath with a breakaway hav 
ing less structural integrity than the remainder to the sheath 
reduces trackability, pushability and torqueability, as well as 
increase the probability of necking or kinking along the 
breakaway, during use of the sheath. 

Thus, it would be desirable to provide an arrangement of a 
coil and/or a braid in a tubular device possessing Sufficient 
trackability, pushability and torqueability, as well as being 
highly resistant to collapse, necking or kinking, during use. It 
would also be desirable if the tubular device is capable of 
being split longitudinally along its wall. 

SUMMARY OF THE INVENTION 

The foregoing problems are solved and a technical advance 
is achieved in a medical device which comprises a tube hav 
ing a highly uniform and repeatable inner and outer diameter, 
the tube possessing good trackability, pushability and torque 
ability, and the tube being highly resistant to collapse, neck 
ing or kinking during use. 

In one embodiment, the tube includes a coil fitted around at 
least a part of an inner liner, such as PTFE, and a braid 
extending over at least part of the coil. A polymeric layer, 
typically a heat shrinkable material, is positioned over the 
braid and/or coil to adhere to the inner liner. While the poly 
meric layer has been described as being applied in tubular 
form over the coil, it can alternatively be extruded over and 
inside the coil to also form the innerliner. The polymeric layer 



US 8,821,510 B2 
3 

can include at least two discrete longitudinal segments of 
differing durometer. This provides the resulting tube with 
differing stiffness at those segments, allowing selection of the 
flexibility of the tip of the tube. Selective flexibility of the tip 
of the tube can also be achieved by allowing the coil to extend 
distally beyond the braid. 
The tube incorporated in the medical device advanta 

geously has a portion of at least one of the coil and braid 
comprising a polymer. The polymer for the coil can be a high 
durometer polymer, such as PEEK. A polymer coil may fur 
ther comprise reinforcing fibers, such as carbon fibers, for 
added strength and rigidity to the tube. In one example, a 
polymer coil extends throughout the entire tube. Yet, in other 
examples, the polymer coil extends at least along the proxi 
mal region of the tube. A metal coil can extend at least along 
the distal region of the tube. One advantage of having a metal 
coil along the distal region of the tube is enhanced crossability 
in comparison with a polymer coil. The braid can also be a 
polymer and/or a metal. 
The tube can further extend from a handle having a cutting 

instrument to forma catheter. The tube is contactable with the 
cutting instrument in order for the cutting instrument to split 
the tube longitudinally. The distal region of the tube prefer 
ably has an axial length that is at least the axial length of a 
loadable tubular medical device. The proximal region of the 
tube preferably has an axial length that is at least the axial 
length of the loadable tubular medical device, and can be 
about 2 to 3 times the length depending on the application. A 
metal coil can also be placed adjacent the proximal region 
with the polymer coil so as to inhibit the cutting instrument 
from splitting the tube longitudinally. One advantage to hav 
ing a polymer coil along the proximal region of the tube is the 
longitudinal splittability of the tube with a cutting instrument. 

Exemplary devices which can incorporate the disclosed 
tube construction include, but are not limited to, balloon 
catheters (particularly, single lumen balloon catheters); stent 
deployment catheters, diagnostic, infusion and drainage cath 
eters; endoscopes, laparoscopes and arthroscopes; guide 
catheters; and introducer sheaths. 

Further objects, features, and advantages will become 
readily apparent to those skilled in the art after a review of the 
following detailed description of the preferred embodiments, 
with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially cross-sectional view of one embodi 
ment of a medical device. 

FIG. 2 is a cross-sectional view of a wall of a tube of the 
medical device illustrated in FIG. 1. 

FIG. 3 is a cross-sectional view of a wall of a tube of 
another embodiment of a medical device. 

FIG. 4 is a side elevation view of another embodiment of a 
medical device. 

FIG. 5 is a partially cross-sectional view of another 
embodiment of a medical device. 

DETAILED DESCRIPTION OF THE DRAWINGS 
AND THE PRESENTLY PREFERRED 

EMBODIMENTS 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to the 
embodiments illustrated in the drawings, and specific lan 
guage will be used to describe the same. It should neverthe 
less be understood that no limitation of the scope of the 
invention is thereby intended, such alterations and further 
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4 
modifications in the illustrated device, and such further appli 
cations of the principles of the invention as illustrated therein 
being contemplated as would normally occur to one skilled in 
the art to which the invention relates. 

In the following discussion, the terms “proximal’ and "dis 
tal' will be used to describe the axial ends of the tubular 
medical device, as well as the axial ends of various compo 
nent features. The “proximal’ end is used in conventional 
manner to refer to the end of the tubular medical device (or 
component) that is closest to the operator during use of the 
assembly. The “distal’ end is used in conventional manner to 
refer to the end of the tubular medical device (or component) 
that is initially inserted into the patient, or that is closest to the 
patient. 

FIGS. 1 and 2 illustrate a first embodiment of a medical 
device 10 according to the present invention. Medical device 
10 may comprise, for example, a guide catheter or an intro 
ducer sheath. Device 10 may also be useful for performing 
any of a variety of minimally invasive medical procedures, 
including, for example, angioplasty, diagnosis, chemo 
therapy, drainage, endoscopy, laparoscopy and arthroscopy. 

Medical device 10 includes a main tube 11. Tube 11 
includes a proximal end 14, a distal end 18, and a lumen 20 
extending longitudinally therethrough. Tube 11 can extend in 
the distal direction from a conventional connector cap 22, as 
shown in FIG. 1. Tube 11 includes a coil 24, preferably 
formed of a ribbon comprising a medical grade polymer 
and/or a medical grade metal. Such as stainless steel. The 
polymer of coil 24 can include a high durometer polymer 
(durometer type D), such as polyether ether ketone (PEEK) 
with a durometer of about D85 or other polymers having 
similar desired properties, as well as aramid fiber materials 
(e.g., KEVLAR) with a durometer of about D70. The polymer 
PEEK has been found to have excellent mechanical proper 
ties and machinability. Tube 11 also includes a braid 26 
extending over at least part of coil 24. Braid 26 preferably 
comprises a plurality of crossed wires 28 of circular or flat 
cross-section, and is preferably comprised of a medical grade 
metal such as stainless steel, or medical grade polymer Such 
as aramid fiber materials (e.g., KEVLAR). Other medical 
grade materials may also be useful for the coil and the braid. 
Tube 11 further includes a polymeric bonding layer 30 

positioned over and contacting at least coil 24, and preferably 
contacting braid 26 as well, in order to adhere to the coil 
and/or the inner liner. More preferably, polymeric layer 30 
comprises heat-shrinkable (heat fused) tubing, such as a poly 
ether block amide, polyamide (nylon), PTFE, and/or polyure 
thane. During manufacture, a sleeve of FEP heat-shrinkable 
tubing (heat fused shrink tubing) may be utilized that is 
stripped after manufacture. 
Any particular portion of tube 11 can be given a flexibility 

or springiness which is different from the flexibility or 
springiness of the remainder of the tube. There are several 
ways in which this difference can be achieved. One way 
would be to vary the thickness of polymeric layer30 along the 
length of tube 11; this may not be a particularly practical way 
to achieve the desired difference. Another way is to permit 
polymeric layer 30 to comprise at least two discrete longitu 
dinal segments (such as proximal segment 32 and distal seg 
ment 34) of differing durometer. Making the distal segment 
34 of polymeric layer 30 from a softer material than that from 
which the proximal segment 32 is made yields a tube 11 with 
a tip that is more flexible or springier than the balance of the 
tube. Alternatively, as shown in FIG. 3, the coil, shown as a 
metal coil 24A, may extend distally beyond a distal end 36 of 
braid 26. This leaves a distal portion 38 of coil 24 which is not 
covered by the braid 26, and similarly yields a tube 11 whose 
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tip is more flexible or springier than the balance of the tube. 
Preferably, coil 24 comprises a metal coil substantially along 
a large portion of its length to inhibit necking and improve 
kink resistance. 

Also shown in FIG.3, coil 24 can be a composite fabricated 
at least in part using a polymer, Such as PEEK, which may be 
combined with reinforcing fibers 39, e.g., carbon fiber or 
glass fiber, with the reinforcing material being added to the 
PEEK matrix in order to reinforce the composite ribbon coil 
for added strength and rigidity. When presented, fibers 39 
preferably are disposed longitudinally parallel to the sides of 
the coil ribbon to improve the strength of the coil. 

Tube 11 optionally can further include an inner liner 40 
beneath and in contact with at least part of coil 24. Inner liner 
40 is made of a medical grade polymer, and may have a melt 
temperature greater than the melt temperature of polymeric 
layer 30. Inner liner 40 preferably comprises a lubricious 
polymer, such as PTFE. Lumen 20 can be sized depending on 
the application, e.g., sized to receive a conventional guide 
wire (not shown) or a tubular medical device (FIG.5) therein, 
or the lumen can be intended for the delivery of a diagnostic 
or therapeutic fluid, or the removal of a fluid from the patient. 

Coil 24 permits medical device 10 to have a wall which is 
thinner than might conventionally be achieved, and gives 
medical device 10 more flexibility and springiness. During 
use, tube 11 of medical device 10 provides a sufficient stiff 
ness for straightening in order to make medical device 10 
easier to control during advancement of the medical device in 
the patient. Coil 24 also provides significant advantages dur 
ing the manufacture of the medical device 10, most notably, 
better control over the wall thickness ultimately possessed by 
the medical device. 

Construction of tube 11 of the present invention can be 
straightforward. A mandrel is selected which has a diameter 
at least the size of the unstressed, free inner diameter of coil 
24. If employed, inner liner 40 is placed on the mandrel. Coil 
24 is then fitted or wrapped about the mandrel (and inner liner 
20, if present), the mandrel temporarily maintaining coil 24 in 
an expanded condition with a diameter larger than the 
unstressed, free inner diameter. Coil 24 can be compression 
fitted or radially expanded attached, even stressed, radially 
expanded during manufacture. Stress, radially expanded fit 
ting is described in U.S. Pat. No. 6,939,337 to Parker et al., 
which was previously incorporated. The coil and the inner 
liner may be chemically etched or roughened for improved 
adhesion. Braid 26 is then positioned over coil 24. Finally, 
polymeric layer 30 is established over braid 26 and coil 24. As 
indicated above, polymeric layer 30 is preferably formed 
from a heat-shrinkable tubing. The mandrel and the elements 
thereon are heated to shrink and cure polymeric layer 30 to 
cause it to thermally bond to coil 24 and/or bond to inner liner 
40. (The spacing of braid 26 must be chosen, of course, to 
allow such bonding or other adhesion to occur.) The mandrel 
and formed tube 11 are then cooled and the heat reduced 
sleeve removed, and the tube is removed from the mandrel. 
Polymer and/or metal coil can be wound by positioning the 
mandrel and the inner liner the head and tail sock of a lathe. A 
coil transfer mechanism is mounted on the lathe carriage. The 
mandrel and inner liner are rotated and the coil is wrapped 
thereon, as the coil transfer mechanism moves longitudinally 
parallel to the mandrel. More details for applying a coil to 
form a tube can be found in U.S. Pat. No. 5,380,304 to Parker, 
which is incorporated by reference in its entirety. Optionally, 
the coil can be manually applied around the mandrel. For a 
polymer coil, in particular, it has been found better to attach 
the initial end of the coil to the inner liner by applying an 
adhesive, such as LOCTITE, to the end before winding the 
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6 
coil, and when finished similarly attaching the second end of 
the coil. Heat from a heat gun can also be applied to the coil 
before and/or after the winding to relax the coil before appli 
cation of the polymeric layer. 
Tube 11 can be put to use in medical devices other than 

simple catheters. For example, as shown in FIG. 4 medical 
device 10 can instead be an endoscope 52 of otherwise con 
ventional construction, save for the inclusion of tube 11. In 
Such a case, tube 11 is configured as an endoscope sheath 54 
connected to a conventional endoscope handle 56, the handle 
56 including an ocular tube 58 and a forceps insertion inlet 
(sidearm) 59. 

Alternatively, medical device 10 can instead be a single 
lumen catheter 60 of otherwise conventional construction, 
again save for the inclusion of tube 11. In this case, tube 11 is 
configured as a catheter shaft 62, and medical device 10 then 
further comprises an inner catheter 64 extending through the 
tube lumen 20. A distal portion 65 of inner catheter 64 can 
have a reduced cross-sectional area Such that a stent retaining 
region 66 is defined in an annular space 68 created between 
catheter shaft tube 62 and inner catheter 64. Annular space 68 
is dimensioned to receive a loaded tubular medical device 70, 
Such as a stent and/or graft, which is disposed around within 
the stent retaining region 66 in a pre-delivery configuration. 
Tubular medical device 70 can be expandable to an expanded 
configuration by mechanical means such as a balloon catheter 
as known in the art or is preferably self-expandable as known 
in the art. A distal tip 72 can be attached to the distal end of 
inner catheter 64 to facilitate dilation of the body vessel 
during navigation therethrough. A handle 73 attached at the 
proximal end of catheter 60 is shown in a dashed line to 
represent any shape and configuration desirable for its appli 
cation. 
Tube 11 may have multiple longitudinal regions having 

coil 24, braid 26, or various combinations thereof disposed 
along each of the regions. For example, in FIG. 5 tube 11 
includes a proximal region 74, a distal region 76, and an 
intermediate region 78 therebetween. Coil 24 preferably 
extends over at least a portion of each of the proximal, inter 
mediate, and distal regions of the tube. Distal region 76 of the 
tube has an axial length 80 generally from the distal end 18 of 
the tube 11 (shown just short of distal end 18) that is at least 
the axial length of stent retaining region 66 that is sized for 
tubular medical device 70. Proximal region 74 of the tube has 
an axial length 82 generally from the proximal end 14 of the 
tube 11 to a position more distal which is shown as a dashed 
line 75. Axial length 82 is sized to be at least the axial length 
of tubular medical device 70 in order to permit retraction of 
the outer catheter from the loaded medical device, and can be 
about 2 to 3 times the length of tubular medical device 70 
depending on the application. 

In one example, a polymer coil extends throughout the 
tube. In another example, a polymer coil extends at least 
along proximal region 74 of the tube and a metal coil extends 
at least along distal region 76 of the tube. A polymer coil, a 
metal coil or any combination thereof can extend along inter 
mediate region 78 of the tube. It may be advantageous to 
incorporate a metal coil along distal region 76 of tube 11, 
instead of a polymer coil, to improve crossability of the tube 
through the body vessel. Crossability refers to the ability to 
navigate a catheter across narrow restrictions in the vascula 
ture, such as Stenosed vessels or fully and partially deployed 
stents. A metal coil along distal region 76 of tube 11 may also 
improve the column strength of the tube in order to better 
withstand the radially expansive forces of a self-expanding 
tubular medical device loaded within the tube lumen. One 
example of an illustrated preferred distal region is in FIG. 3, 
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where distal portion 38 of coil 24 is not covered by braid 26 
and comprises the metal coil 24A, and coil 24 comprises a 
polymer coil, with or without the reinforcing fibers 39, adja 
cent distal portion 38. 

In a preferred embodiment of a medical device 10, a poly 
mercoil and braid (not shown) extend along proximal region 
74 of tube 11 and a cutting instrument 84, such as a scalpel 
blade, is suitably positioned within handle 73 to split the wall 
of tube 11 longitudinally when contacted therewith. Cutting 
instrument 84 is dimensioned, as well as having a sharpness, 
to slice through the inner liner, the polymer coil (with or 
without reinforcement fibers), the braid (polymer or metal) 
and the polymer layer of the tube. After splitting, a split tube 
portion 11A is formed and can be wound about a spool (not 
shown) within handle 73 to confine the split tube in a small 
space or simply be pulled out of the handle away from the 
slicing point. Instead of having to retract longitudinally a 
portion of the handle attached to the catheter shaft tube the 
length of the tubular medical device to deploy tubular medical 
device 70 as conventionally performed, which can be cum 
berSome and difficult for longer devices in tight operating 
environments, the physician need only control and contain 
the split tube portion that is typically through use of the 
handle. 

In one example, tube 11 can include a metal coil segment 
85, shown beginning at a dashed line 75 to indicate its loca 
tion within the tube wall, disposed adjacent proximal region 
74 to define a maximum splitting region of tube 11. Blade 84 
can slice tube 11 distally for the length of proximal region 74 
as catheter shaft tube 62 is being retracted for stent deploy 
ment. However, metal coil 85, defining the end of the proxi 
mal region, functions as a physical stop as the blade is not 
adapted to cut through the metal coil, thereby providing the 
physician tactile feedback, indicating the deployment of 
tubular medical device 70 from the catheter. 

According to FIG. 5, catheter 60 can further comprise an 
everting deployment catheter having a rolling liner 86 
attached between catheter shaft tube 62 and inner catheter 64. 
With relative axial movement between catheter shaft tube 62 
and inner catheter 64, rolling liner 86 can be everted between 
a fully extended or unrolled position and a fully everted or 
folded position that is shown in FIG. 5. Rolling liner 86 
preferably is formed of a tube comprising a medical grade 
polymer that is lubricious, such as PTFE. The rolling liner can 
be an extension of inner liner 40 such that only one tube is 
used for both. In this instance, the distal end of the rolling 
liner is everted and circumferentially attached to the exterior 
surface of inner catheter 64 by an adhesive. Rolling liner 86 is 
shown disposed in annular space 68 around distal portion 65 
of the inner catheter, to retain tubular medical device 70 in the 
pre-delivery loaded configuration. Retraction of catheter 
shaft tube 62 relative to inner catheter 64 peels or unrolls a 
contacting portion of rolling liner 86 from tubular medical 
device 70, thereby allowing the tubular medical device to 
expand. Since the rolling liner is everted upon itself, retrac 
tion lengths of catheter shaft tube 62 is longer, typically being 
at least twice the length of the tubular medical device. This 
can be problematic for longerstents; e.g., the retraction length 
would be at least 400 mm for a 200 mm length stent. Thus, a 
reinforced tube as described herein is capable of being split 
longitudinally, especially with blade 84, which is particularly 
useful for everting deployment systems. 

The dimensions (for example, the thickness) of the various 
elements mentioned above should be selected in view of the 
purpose of medical device 10 in which tube 11 is incorpo 
rated. It is believed that the selection of such dimensions will 
lie within the level of skill in the art of designing surgical 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
instruments, once benefit of the present disclosure is had. 
While a modest amount of trial-and-error may be needed to 
obtain optimal dimensions, it is believed that any required 
experimentation will not be undue. The following may con 
stitute the thicknesses of the various elements of a typical 
embodiment of tube 11: inner liner 20, about 0.0015 in. 
(about 0.038 mm) thick; ribbon of coil 24, about 0.0008 to 
about 0.001 in. (about 0.020 to 0.025 mm) thick; wires 28 of 
braid 26, about 0.001 in. (about 0.025 mm) in diameter; and 
polymeric layer 18, about 0.045 in. (about 1.14 mm) thick. 
The medical device 10 is particularly useful for the perfor 

mance of a wide variety of catheterization procedures. A 
medical device 10 including tube 11 can be configured as a 
balloon catheter (particularly, a single lumen balloon cath 
eter); a diagnostic, infusion or drainage catheter, an endo 
Scope, laparoscope, arthroscope or the like; a guide catheter; 
or an introducer sheath, among other devices. The present 
invention is particularly advantageous over prior medical 
devices in that tube 11 is highly resistant to collapse, necking 
and kinking during use and possesses good trackability, push 
ability and torqueability during use. Tube 11 can possess a 
polymer coil that is splittable with a blade so that the body of 
the split tube can be manipulated Such as being wound about 
a spool in order to eliminate the retraction length typically 
required with handles. To this end, during deployment of a 
stent or graft, especially longer Stents, e.g., over 140 mm, the 
physician can retract the catheter tube from the stent over its 
entire length with relative ease and in a more compact envi 
ronment, making it less cumbersome for the physician. More 
over, the present invention enjoys significant advantages dur 
ing manufacture, having a highly uniform and repeatable 
inner and outer diameter. 
The details of the construction or composition of the vari 

ous elements of medical device 10 not otherwise disclosed are 
not believed to be critical to the achievement of the advan 
tages of the present invention, so long as the elements possess 
the strength or mechanical properties needed for them to 
perform as disclosed. The selection of any such details of 
construction are believed to be well within the ability of one 
of even rudimentary skills in this area, in view of the present 
disclosure. For practical reasons, however, most embodi 
ments of medical device 10 should probably be considered to 
be single-use devices, rather than being reusable. 

Drawings in the figures illustrating various embodiments 
are not necessarily to scale. Some drawings may have certain 
details magnified for emphasis, and any different numbers or 
proportions of parts should not be read as limiting, unless 
so-designated in the present disclosure. Those of skill in the 
art will appreciate that embodiments not expressly illustrated 
herein may be practiced within the scope of the present inven 
tion, including those features described herein for different 
embodiments may be combined with each other and/or with 
currently-known or future-developed technologies while 
remaining within the scope of the claims presented here. It is 
therefore intended that the foregoing detailed description be 
regarded as illustrative rather than limiting. And, it should be 
understood that the following claims, including all equiva 
lents, are intended to define the spirit and scope of this inven 
tion. 
The invention claimed is: 
1. A medical device comprising a tube, wherein the tube 

comprises: 
an inner liner defining a lumen extending longitudinally 

through the tube: 
a coil fitted around at least a part of the inner liner: 
a braid extending over at least part of the coil, wherein a 

portion of the coil comprises a polymer, and 
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a polymeric layer positioned over the braid to adhere to the 
inner liner, 

wherein a portion of the coil disposed along a first longi 
tudinal region of the tube comprises a polymer, and the 
first longitudinal region is free from a metal portion of 5 
the coil, and another portion of the coil disposed along a 
Second longitudinal region comprises a metal, and the 
Second longitudinal region is free from a polymer por 
tion of the coil. 

2. The medical device according to claim 1, wherein the 
polymeric layer is thermally bonded to the inner liner. 

3. The medical device according to claim 1, wherein the 
inner liner comprises polytetrafluoroethylene (PTFE). 

4. The medical device according to claim 1, wherein the 
polymer coil portion comprises a high durometer material. 

5. The medical device according to claim 4, wherein the 
high durometer material comprises PEEK. 

6. The medical device according to claim 4, wherein the 
high durometer material is a durometer type D material. 

7. The medical device according to claim 1, wherein the 
polymer coil portion further comprises reinforcement fibers. 

8. The medical device according to claim 1, wherein a 
portion of the braid comprises a polymer. 

9. The medical device according to claim 1, wherein the 
braid comprises a metal. 

10. The medical device according to claim 1, wherein the 
polymeric layer comprises at least one of polyamide, a poly 
ether block amide, polyurethane and polytetrafluoroethylene 
(PTFE). 

11. The medical device according to claim 1, wherein the 
polymeric layer comprises at least two discrete longitudinal 
segments of differing durometer. 

12. The medical device according to claim 1, wherein the 
coil is a flat wire coil. 

13. A medical device comprising a tube including a proxi 
mal region, a distal region, and an intermediate region ther 
ebetween, wherein the tube comprises: an inner liner defining 
a lumen extending longitudinally through the tube, a poly 
meric layer positioned over the inner liner to adhere to the 
inner liner, and a coil and a braid adhered between the inner 
liner and the polymeric layer, wherein the coil extends along 
at least a portion of each of the proximal, intermediate, and 
distal regions of the tube, and the braid extends along at least 
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a portion of each of the proximal and intermediate regions of 
the tube, wherein a portion of the coil comprises a polymer 
along at least the proximal region of the tube and the proximal 
region is free from a metal portion of the coil, and the coil 
comprises a metal at least along the distal region of the tube 
and the distal region is free from a polymer portion of the coil. 

14. The medical device according to claim 13, wherein the 
coil comprises a polymer along the proximal region of the 
tube, and the proximal region is free from a metal portion of 
the coil. 

15. The medical device according to claim 13, wherein the 
coil is a flat wire coil. 

16. A catheter for introduction of a tubular medical device 
to a body vessel, the catheter comprising: a handle having a 
cutting instrument; and a tube extending from the handle. 
having a proximal region, a distal region, and an intermediate 
region therebetween, the tube comprising an innerliner defin 
ing a lumen extending longitudinally through the tube, a coil 
fitted around at least a part of the inner liner, a braid extending 
over at least part of the coil, wherein a portion of the coil 
comprises a polymer, and a polymeric layer positioned over 
the braid to adhere to the inner liner, wherein the tube is 
contactable with the cutting instrument of the handle in order 
to split at least a portion of the tube longitudinally, and 
wherein the coil comprises a polymer along the proximal 
region of the tube with the proximal region being free from a 
metal coil portion, and a metal coil distally adjacent the 
polymer coil along the proximal region of the tube to inhibit 
the cutting instrument of the handle from splitting the tube 
longitudinally. 

17. The catheter according to claim 16, wherein the distal 
region of the tube has an axial length defined to be at least a 
length of a tubular medical device to be loaded within the tube 
lumen. 

18. The catheter according to claim 16, wherein the proxi 
mal region of the tube has an axial length defined to be at least 
a length of a tubular medical device to be loaded within the 
tube lumen. 

19. The catheter according to claim 18, wherein the coil is 
a flat wire coil. 

20. The catheter according to claim 19, wherein a thick 
nesses of the coil 24 is about 0.0008 to about 0.001 in. 
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